The aim of the study was to analyse the grass pollen season dynamics in Wrocław in [2003][2004][2005][2006][2007][2008][2009][2010]. The studies were carried out using volumetric method (Burkard trap). Special attentions was paid to differences in pollen season duration and patterns. The pollen season started on average on the 130 th day of the year (±10 days) and ended on the 240 th (±11 days). Peak of pollen seasons occurred between 156 th and 185 th day of the year. The mean of SPI value was 2805 (±380). On average, 18 days (±4 days) with a grass pollen concentration of more than 50 grains×m -3 , and 2 days (±1 day) with concentration of more than 120 grains×m -3 were recorded during the seasons analysed. Three types of pollen seasons were distinguished on the basis of cluster analysis (the non-hierarchical method of multifeature clustering -the k-means method).
INTRODUCTION
The Poaceae family is one of the most abundant families among different species of the Polish flora. It comprises over 180 species, out of which more than 30 species are of foreign origin (S z a f e r et al. 1988). As a result of the simple construction of grasses and their uncomplicated reproduction mechanisms, they are well adapted to survive even under extremely adverse conditions and that is why they are described as plants that have achieved evolutionary success (M i z i a n t y , 1995; F r e y , 2003). Moreover, grasses are a plant family of great economic importance, in particular as food for animals and humans. On the other hand, grass pollen allergens are the greatest threat to allergy sufferers in Central and Western Europe, being the most frequent cause of seasonal allergic ). This paper presents the results of analysis of the grass pollen seasons in Wrocław in the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . In analysing the results, special attention was paid to variations in pollen concentrations as well as to differences in pollen season duration and patterns over an 8-year study period. Furthermore, several types of pollen seasons were distinguished on the basis of the differences in pollen concentration curves.
MATERIALS AND METHODS
The present study was conducted in The investigations were carried out using the volumetric method. A Burkard trap (borrowed from the Warsaw-based Centre for Research on Environmental Allergens) was placed in the city centre, on the roof of the Institute of Geological Sciences of the University of Wrocław (51 o 06' N, 17 o 01' E), at a height of about 30 m above ground level. In the immediate vicinity of the sampling site, there are a dense urban built-up area and scanty patches of greenery. From the south, the building is surrounded by an alley of plane trees, while several horse-chestnut trees and small birches grow to the north of the building.
The start and end dates, duration, maximum daily concentrations and the Seasonal Pollen Index (SPI) were used to characterize the pollen seasons (Table 1) . The 98% method was used to determine the start and end dates of the pollen seasons (E m b e r l i n et al. 1993). To classify the pollen seasons, cluster analysis was employed, including the non-hierarchical method of multi-feature clustering -the k-means method using Statistica 6 software.
RESULTS
In the years under study, the grass pollen seasons started in May, except at 2007, when the pollen season began already on the 20 of April. They generally lasted till 230-240 day of the year (2003 and 2007-2010) A comparison of the curves illustrating the dynamics of the grass pollen seasons allowed one to conclude that they differed between years. An attempt was therefore made to classify the patterns of the pollen seasons and to distinguish their types. For this reason cluster analysis by the k-means method was employed. Three types of grass pollen seasons were distinguished on the basis of claster analysis. Type A includes the seasons 2005 and 2010 (Fig. 2) . It is marked by high maximum daily concentrations (above 200 grains×m -3 ), which are recorded around the 40 day of the season. Moreover, maximum pollen shed is three--peaked ('three-peaked' means there is shortly high concentration and than suddenly drops to low values). The largest number of pollen seasons was classified as type B (the years 2003, 2004, 2006 and 2008) (Fig. 3) . Relatively low maximum daily concentrations (between 100 and 150 grains×m -3 ), which occur soon after the beginning of the season, are characteristic of this type. In addition, there occurs a long continuous period of pollen shed with low concentrations. Type C comprises the years 2007 and 2009 (Fig. 4) . It is characterized by low maximum concentrations, similarly to type B. Besides, peak pollen shed occurs the latest, around day 62 of the season. Long post-peak periods were also found for all types of pollen seasons. affected by air temperature, rainfall, relative humidity, cloudiness and relative sunshine.
An increasing trend in the seasonal pollen index (SPI) was observed in polish cities (R a p i e j k o et al. 2009, 2011; M y s z k o w s k a , 2010). Many authors have described an increasing trend in annual pollen totals, associated more with an increase in CO 2 concentration in the cities (F r e i , 1998; B e g g s , 2004 ). In Wrocław there is no sufficient data (pollen concentration is monitored only for 8 years) to define trend in SPI. However, the highest daily concentrations were recorded in the years, in which annual pollen counts were the highest or very high. A correlation (r=0.54) were found between the seasonal pollen index (SPI) and maximum daily concentrations (Table 1 ). In the last two years, a similar correlation has been found in Szczecin, Bydgoszcz, and Warsaw (R a p i e j k o et al.
2009, 2011). The same correlation has been observed for oak by D ą b r o w s k a -Z a p a r t (2010).
Grass pollen is considered to be one of the most important allergens among the pollen of herbaceous plants. The study conducted in Wrocław in the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] showed that it reached high and very high concentrations in this city. R a p i e j k o and L i p i e c (2005) calculated that the number of days with a grass pollen concentration at which clinical symptoms appear in all allergic people was 27 for Poland. In 2007 in Wrocław, the number of days with a concentration of more than 50 grains×m -3 of air was 25. It was almost 1/5 of the pollen season duration. The same number of days for Rome (25 days), and it was only slightly higher for Paris (29 days) was found (R a p i e j k o and L i p i e c , 2005). The significant differences in the patterns of the grass pollen seasons allowed us to be classified using an objective method of multi-feature clustering -the k-means method. For Wrocław, three main types of grass pollen seasons were obtained and they were designated as A, B and C. Attempts to classify pollen seasons are known from the existing literature. Nevertheless, grasses have never been the subject of research. M y s z k o w s k a and P i o t r o w i c z (2009) distinguished 2 main pollen season types for birch, while D ą b r o w s k a -Z a p a r t (2010) made a classification of oak pollen seasons.
In the distinguished types of grass pollen seasons in Wrocław, the pre-peak period drags attention. Type A, lasts about 33 days and daily concentrations of grass pollen are quite high (ca. 50 grains×m -3 of air). The pollen season is slightly longer in type C (about 45 days), but daily pollen concentrations are lower. The shortest pre-peak period seems to be in type B (about 15 days), though daily concentrations are similarly low as in type C. A second interesting feature of all the pollen seasons under study is their long post-peak period, characterized by low concentrations of pollen grains. Among the peak sections, the peak section in type B seems to be particularly long and diverse. It is much spread in time (from around 13 day to 60 day of the season). For the years 2003, 2004 and 2008 , maximum concentrations occur between 15 day and 30 day of the season, whereas for the year 2006 around 45-49 day of the season. Furthermore, the peaks with highest concentrations are separated by periods, when daily concentrations fall to zero. The peak section in type A appears to be shortest and most clear. It is very compact, since its duration is about 16 days. A second feature distinguishing type A is the fact that the peaks with maximum concentrations are not separated by periods when daily concentrations drop to low values.
A comparison of particular types of pollen seasons allowed us to conclude that type B comprised the largest number of the studied seasons (50%) and it may prove to be the dominant pattern for the grass pollen season in Wrocław. The other types of pollen seasons showed higher dispersion, as they comprised only two pollen seasons each. An 8-year period is probably too short to identify all types found in nature.
CONCLUSIONS
1. In Wrocław the grass pollen seasons usually began between 122 and 137 days of the year (2 May -17 May). 2. The length of the grass pollen seasons was shortened in the years, in which the seasons started late. 3. An increasing trend in the seasonal pollen index (SPI) as well as a correlation between the SPI and maximum daily concentrations there were observed. 4. In the case of grasses, type B proved to be the most characteristic pattern for airborne pollen concentrations (the years 2003, 2004, 2006, and 2008) . The other two types (A and C) showed high dispersion (they comprised only 2 pollen seasons each). 5. Type B may prove to be the dominant pattern for the grass pollen season in Wrocław (50% of the pollen seasons under study). 6. Long post-peak periods were found for all types of pollen seasons.
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